We undertook a prosp ective study to determine the safety and effe ctiveness ofthe direct administration ofa steroid to the eustachian tube via the Silverstein MicroWick in 11 patients with chronic eustachian tube dysfunction, including two who had Samter's triad. All patients had previously been treated with medical therapy and surgical middle ear ventilation without resolution. The MicroWick was placed directly in the eustachian tube orifice through a pressure-equalization tube. Patients received 3 drops ofdexamethasone 4 mg/ml three times a day. The drops were discontinued after 4 weeks, and the MicroWick and ventilation tube were removed after 3 months. At study's end, eight patients (72.7%) reported subjective improvement in terms of a reduction in aural pressure and fullness. Audiometric testing demonstrated a 55% reduction in the mean air-bone gap and a 3% increase in the mean speech discrimination score. Bone pure-tone averages remained stable. Tympanometry showed that five patients (45.5%) converted f rom type B or C tympanograms to type A. Four patients (36.4%) had persistent perforations. Both patients with Samter's triad improved with therapy. These preliminary results suggest that direct dexamethasone administration to the eustachian tube is safe and effec tive for the treatment of chronic eustachian tube dysfunction. Long-term studies to confi rm these findings are under way.
Introduction
Chronic eustachian tube dysfunction is frequently encountered by primary care physicians and otolaryngologists. This condition can be difficult to treat, particu-From the Ear Research Found ation, Sarasota, Fla. Reprint requests: Herbert Silverstein , MD, Florid a Ear and Sinu s Center , 1961 Floyd St., Suite A, Sarasota, FL 34239. Phone : (94 1) 366-9222 ; fax: (941) 365-2269; e-mail: hsilverste in @ao1.com 28 larly in adults who have a lifelong history of eustachian tube dysfunction. Bluestone and Doyle attribute three major functions to the eustachian tube: ventilation, clearance, and protection of the middle ear. 1 The middle ear tends to lose gas by diffu sion into the surrounding mucosal circulation. The normal eustachian tube serves to admit gas in order to equalize middle ear pressure with that of the surrounding environment. Eustachian tube dysfunction can result in negati ve middle ear pressure and precipitate associated signs and symptoms. These signs and symptoms include conductive hearing loss, tinnitus, otalgia, vertigo, tympanic membrane atelectasis, cholesteatoma formation, and recurrent otitis media .>' Many authors have concluded that eustachian tube dysfunction is the most important precipitating pathology in the development of otitis media.l" Historically, the single most effective treatment for negative middle ear pressure and serous otitis media has been the insertion of a ventilation tube into the tympanic membrane.' More recently, laser-assisted tympanostomy has been used to create an opening in the tympanic membrane for 3 to 4 weeks ." This procedure obviates the need for placing a ventilation tube in half of all affected children and approximately 80% of affected adults. However , no method has been proven effecti ve that involves directly treating eustachian tube pathology when conventional therapy has failed. Several techniques have been proposed over the years. For example, in 1985, Jansen described a posterior tubopl asty procedure in which the osseou s portion of the eustachi an tube is enlarged."Within a few years, variations of this technique were reported by Charachon et al" and Zini.!' Poe and Kujaw ski recently described an endoscopic laser-assisted technique that was designed to improve the proximal opening of the nasopharyngeal eustachian tube orifice. 12 Much of eustachian tube pathology relates to mucosal disease and associated hypertrophy, which can be precipitated by allergic and reactive disease. We have developed a technique for treating chronic eustachian tube dysfunction that involves a transtympanic approach to the eustachian tube. In our method, a patient self-instills a topical steroid via the Micro Wick device (ET Micro Wick) over an extended period of time. We propose that direct steroid application via the ET MicroWick might serve to reduce mucosal hypertrophy and improve eustachian tube function.
Patients and methods
All patients at our tertiary otologic referral center who had chronic eustachian tube dysfunction were offered treatment with the ET Micro Wick provided that they met three selection criteria: (1) their symptoms were consistent with eustachian tube dysfunction (e.g., hearing loss and aural fullness), (2) they had previously undergone both medical therapy and at least one middle ear ventilation procedure, and (3) findings on tympanometry or clinical examination suggested that their middle ear pressure was abnormal. Eleven patients, aged 34 to 90 years (mean: 63), qualified for the study. Two of these patients had eustachian tube dysfunction associated with Samter's triad (bronchial asthma, nasal polyps, and aspirin sensitivity). Examination of the nasopharynx was performed on all patients to rule out an obstructing mass. Audiograms and impedance tympanometry were obtained on all patients prior to treatment. All patients were monitored with serial testing during and after the completion of therapy.
The essentials of our procedure are as follows (figure 1). The ear is anesthetized, and then a laser tympanotomy or vertical myringotomy is made over the protympanum. The middle ear and eustachian tube are examined with a 30°otoendoscope and an operating microscope to determine if there is an obstructing membrane over the eustachian tube orifice. If such a membrane is present, a small pick is used to clear it. A ventilation tube is inserted into 30 the tympanostomy opening; this should allow for the direct visualization of the eustachian tube through the microscope when the tube is directed properly. The MicroWick is then inserted through the ventilation tube toward the eustachian tube orifice until resistance is met. Then the dexamethasone 4 mg/ml is introduced into the MicroWick.
Patients are instructed to self-administer the medication into the ear while lying down with the treated ear facing upward; they are to remain lying for 15 minutes . The dexamethasone solution is administered three times a day for 4 weeks. Patients concurrently self-administer an antibiotic solution, 2 drops at bedtime, as prophylaxis against otitis externa. At approximately 3 months, the MicroWick and tube are removed, and middle ear otoendoscopy can be repeated to visually assess the eustachian tube response. Then the tympanic membrane is allowed to close.
Results
The 11 patients were treated over a l6-month period. The average follow-up was 7.2 months. The data on one patient spans only the first 2 months postoperatively because this patient had severe otitis media and developed a profound sensorineural hearing loss; there was no evidence to suggest any association between the infection and the MicroWick steroid treatment because the infection occurred 2 months after the wick had been removed.
Air threshold levels were measured preoperatively, postoperatively, and during follow-up (table 1). (We list the means for both the four-frequency pure-tone average [PTA] and the data at each individual frequency because of the variability in the air-bone gap across frequencies.) The mean preoperative PTA was 40 dB; at the most recent follow-up, the mean PTA had improved to 34 dB. The bone threshold PTA was 28 dB preoperatively and 27 dB postoperatively, and no patient experienced sensorineural hearing loss. The mean air-bone gap decreased from 11 to edema has led to their use in the treatmen t of chronic serous otitis media. Topical steroids have been shown to shorten the duration of acute serous otitis media, and oral prednisone has been shown to be effective in treating acute serous otitis media, although the degree of its longterm efficacy is unclear ." The incidence of persistent perforations in our study (36.4%) is relatively high, compared with the incidence observed following other applications of the Micro Wick (e.g., gentamicin perfusion of the inner ear). It is likely that the steroid solution inhibits tympanic membrane healing by inducing atrophy around the rim of the tympanotomy _This idea is supported by the surgical findings at the time of myringoplasty (figure 2). The membranes were found to be avascular and fragile . However, fat myringoplasty was successful in all cases .
Although the hearing improvement on audiometry was not statistically significant in this study , our overall results were encouraging. Considering that the patients enrolled in our study all had chronic, recurrent disease (including the two who had Samter's triad), the positive trend in hearing ability , the improvement reflec ted in tympanometry, and the alleviation of aural symptoms suggest that this is an effective treatment. Long-term studies to confirm our findings are under way.
In conclusion, eustachian tube dysfunction remains a common and potentially serious condition for which few treatment options exist. We have presented the results of a new technique that is aimed at reducing mucosal edema in the eustachian tube and restoring tubal patency . The (table 2) . This change was not statistically significant. The mean speech discrimination score rose from 94% preoperatively to 97% postoperatively.
Preoperatively, three patients (27.3%) had type A tympanograms, six (54.5%) had type B tympanograms, and two (18.2%) had type C tympanograms. After a mean postoperative follow-up of 8 month s in this group , four of the eight who had either a type B or C tympanogram converted to type A, including both patients who had Samter' s triad . Four patients (36.4%) had persistent perforations for at least 3 months postoperatively, and three of them subsequently underwent successful fat myringoplasty under local anesthesia in the office ; the fourth patient was satisfied with her hearing results , and she chose not to have the perforation patched . Aural fullne ss or pressure resolved completely in eight patients (72.7%).
Discussion
The role of eustachian tube dysfunction in the development of chronic otitis media with effusion and conductive hearing loss is widely recognized. 1, 4, 5 However, treatment options remain limited . Middle ear aeration via tympanotomy and tube insertion has been the management of choice for chronic effusions that do not respond to medical therapy. ' Complications oflong-term ventilation tube placement include otorrhea, persistent tympanic membrane perforations, and the inconvenience of adhering to dry-ear precautions. Unfortunately, the underlying pathophysiology usually leads to a recurrence of symptoms when the tube is removed Table 2 
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For Oral Boards MicroWick is a simple drug delivery system that can specifically target various structures in the middle and inner ear. The ET Micro Wick procedure with dexamethasone perfusion appears to be well tolerated, as side effects were minimal. Finally, the causes of eustachian tube dysfunction are multifactorial; they include mucosal edema, muscular dysfunction, cartilage collapse, and obstruction by structures in the nasopharynx. As improvements continue in diagnostic techniques for identifying the precise underlying pathophysiology in each individual case, patient selection for this treatment will become more refined.
